
'fie icerozenic m a t e r i a l  prosent  i n  the  Grcen lciver  ohalc (Eocene b.ge) 
i s  hound t o  a mineral  mat r ix  composed of carbonates , q u a r t z ,  c l a y s  , and 
o t h e r  minor minerals.  'l'hc i s o l a t i o n  of t h i s  organic  m a t e r i a l  can,  
t h c r c f o r c ,  be car r ied  out i n  two :r?.ys: I l'hc complete cli.sw,r,rc.ntion 
and d i s s o l u t i o n  of tlle mi.ncrn1 mntcr ia l  , thcr rby  frenj.n.: the Iar:.cl;r i n t n c t  
1tero:;cn. Concentrntcd hydrof1uorj.c ac id  i n  t h e  most \ri(lcly i tseci reacclnt i n  
t h i s  cam (1,2/ s ince  i t  i s  s t i l l  t h e  only r o w c n t  t h a t  can sffect ive1.y 
s o l u b i l i z e  t h e  s i l i c a t e  mineral  ( c l a y  and qimrtz l  t h a t  is r e s i s t a n t  t o  
most chemical t reatments ,  2 )  'The p a r t i a l  craclcinr, of the  keroi:en i n t o  smaller  
more soluble components while lenvinc t h e  ma.jority of the mineral  mnttix 
i.ntact. Processes rruch as oxide.tion ( 3 ) ,  pyrol-ysis ( 4 j ,  and hydrogenation ( 5 ,  
a l l  belong t o  the  l a t t e r  cntecory.  

Imthods whereby t h e  iccrol;cn can be i s o l a t e d ,  p referab ly  i n  the  form 
of a more d i r e c t l y  u s a b l e  f u c l ,  froin raw s h a l e  with a minimal amount of I 

pretreatment and handl ing,  i s  of ohvioris economic i n t e r e s t .  I,:novledr,e of 
t h e  physical  s t r u c t u r e  of t h e  i n t a c t  r a w  shale. would supplement i n  t h e  design 
of such methods. In p a r t i c u l a r ,  increase  of t h e  porosi ty  of t h e  raw s h a l e ,  
1:ithout ceusing extensive disngr.re::ation c?f t h e  miner.- 1 matrix, would 
f a c i l i t a t e  the movcment of materials through t h e  mineral  matr ix .  For 
ins tance  i n  oxidat ion and hydrogenation t h e  r e a c t a n t s  (i.e., the oxidant 
o r  hydrogenj must somehow come i n  contac t  w i t h  t h e  kerogen entrapped i n  t h e  
mineral  matrix,  while smaller orqanic  fragments t h a t  have heen broken off  
f r o m  t h e  kero7.m 'nricleiis' ( 6 j  mrtsr: somehow be r e l m s e d  t o  t h e  outs ide.  

3cr.nnint: e lcctrrm rnicro;:rnphs ( s C l i )  of bioleached sha le  (e .,?. , shale 
t h a t  h:is I)ecn lencliwl \ij.th t h c  a c i d  prodi.lcnd b y  s u l f u r  oxidizin:: bacteria) 
hnvc revealed A more p i t t e d ,  s~on;:y-sPpearing surfnca t e x t i r e  ( 7  j .  nio- 
leachin:; removes, pr imar i ly ,  t h e  cnri:onatc minerals (dolomite snd c a l c i t e )  
which are npnnrently depos i tcd  i n  p i t s  (7) throughout the rest of t h e  
rnincral m . ? t r i ? : ;  the removal of t h e  carbonate would thcrefore  hc Pxpccted t o  
increase eha porosi ty  of t h e  raw sha le .  'The r e s u l t s  of . ; i . . i- i  r e v e a l  t h e  
Surface e f f e c t  of bioleachinG only,  hovever, t h e  c f f c c t  of i2ioleeching on 
:he s t r \ ic t r ! rc  i n s i d e  the ra\d shale  could only 11e i n f e r r e d  frorn s u c h  r e s u l t s .  
i n  o rdcr  t o  incrensc t h e  understanding of t h e  i n t e r n a l  s t r u c t u r a l  chnnp,es 
we  have measured t h c  k i n e t i c s  of t h i s  d i s s o l u t i o n  process usinr: s e v e r a l  
d i f f e r e n t  mesh s i z e s  of o i l  shale .  

~ ' . l ' E l i I l ~ L E l I ' r A I ~  

A 1 1  s h a l e  samples used a r e  c o l l e c t e d  from the  1,lahoaany Ledge of t h e  
Green Liver formation. L'he s h a l e  rock w a s  crushed and sized i n t o  three 
ranges,  4 2 / 6 0 ,  60/100, and 150/200. Since t h e  e f f e c t  of bioleaching is 
e s s e n t i a l l y  cha t  of d i l u t e  a c i d  r e a c t i o n  with the  carbonate  m a t e r i a l ,  hence 
f o r  b e r t e r  accuracy i n  monitoring t h e  ac id  concentrat ion reagent  grade 
hydrochlor ic  acid was used i n s t e a d  of t h e  a c i d  produced by t h e  s u l f u r  
ox id iz ing  ba-cteria 'The r a t e  of d i s s o l u r i o n  of t h e  carbonate mineral  vas 
followed by d i r e c t  measurement of t h e  weight loss and hy atomic absorpt ion 
measurement. 
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For each of the mesh s ize  used s e v e r a l  con ta ine r s ,  each with 0.3 gm 

of raw sha le  and 50 m l  of a HCl -KC1 buf fer  ( i o n i c  s t r e n g t h  -0.1, pH -1.281, 
w e r e  prepared. The r eac t ion  was allowed t o  progress;  a f t e r  a Spec i f ic  
period of t i m e  t he  sha le  from one of t h e  conta iners  was quick ly  separated 
from t h e  acid by vacuum f i l t r a t i o n  and washed thoroughly with deionized 
water. The sha le  was then dr ied  a t  100°C f o r  a t  l e a s t  2 hours  before  
wei h i m .  
1507200 mesh s i z e  sha le  a r c  presented i n  Fig. 1. 
measurement, a t  285 mq,  of the  magnesium ions  r e l eased ,  a s  a r e s u l t  of t h e  
breakdown of t he  dolomite por t ion  of t h e  raw sha le ,  was a l s o  followed i n  
order  t o  confirm t h e  r e s u l t s  obtained from d i r e c t  weight l o s s  measurements. 

The r e s u l t s  of t h e  w e i g h t  l o s s  i n  t i m e  f o r  42/60, 60/100, and 
Atomic absorp t ion  

KLLULTS AND DlSCUSSIwh 

T h e  r e s u l t s  shown i n  Fig. 1 can be f i t t e d ,  empi r i ca l ly ,  t o  t he  
following equat ion 

= K t  
Po-P ..................................... I )  

mere P i s  t h e  percent w e i g h t  l o s s  a t  t i m e ,  t ,  Po is t h e  m a x i m  percent 
weight l o s s ,  and K i s  a constant .  By rearranging t h i s  equat ion i n t o  the  
form I? = Y o  - Y / K t  and p l o t t i n g  P versus P / t ,  s t r a i g h t  l i n e s  a r e  obtained 
(Fig .  2 ) .  The values  of Po and K f o r  each of t h e  mesh ranges,  a s  can be 
est imated from the  y- in te rcept  and t h e  s lope  r e spec t ive ly ,  a r e  l i s t e d  below: 

K Flesh R m  E L -  - 

60/100 41 .O 1.10 

42/60 40.7 0.59 

150/200 42.8 13.3 

The maximum amount of carbonate mineral  (Po) that can be remwed by 
d i l u t e  acid is apparent ly  independent of t he  s i z e  of t he  sha le  p a r t i c l e s ,  
t h i s  is  evident  from the closeness  of the value of Po f o r  t h e  d i f f e r e n t  
mesh ranges. The increase  of t h e  su r face  a rea ,  by mechanical crushing,  
seems only t o  acce le ra t e  t h e  r a t e  of carbonate removal while t h e  maximum 
amount eventua l ly  removed by d i l u t e  ac id  remains r e l a t i v e l y  constant .  This 
would ind ica t e  thac the  carbonate mineral  i s  deposi ted a t  sites, presumably 
in te rspersed  i n  the  r e s t  of the ' d i l u t e  acid r e s i s t a n t '  mineral  matrix, 
which are not i naccess ib l e  co chemical spec ies  (such as  hydrogen ions and 
water molecules) i n  an aqueous medim. 
the re fo re  not i so l a t ed  hut can perhaps h e  rhought of as interconnected by 
channels  l m i l ~  from t h e  ' d i l u t e  a c i d  r e s i s t a n t '  mineral .  

The d i l u t e  acid (hydrogen ion)  could come i n t o  contac t  with t h e  

These carbonate depos i te  sites are 

carbonate  minerals through these  channels and the products (carbon dioxide,  
magnesium ion and calcium ions )  can l ikewise be re leased  t o  t h e  outs ide.  
The r a t e  of r eac t ion  of t h e  acid w i t h  the Carbonate mineral  would be 
cont ro l led  by d i f f u s i o n ,  of t h e  r e a c t a n t  into and t h e  products out of the  
sha le  p a r t i c l e s ,  and not only by t h e  a v a i l a b i l i t y  of t he  su r face  of contact  
between the  ac id  and carbonate.  I f  t h e  r eac t ion  is con t ro l l ed  by sur face  
a v a i l a b i l i t y  then t h e  r a t e  of carbonate removal i s ,  f o r  sphe r i ca l  p a r t i c l e s  
of pure carbonate mineral ,  p ropor t io  a 1  t o  2/3 powers of t h e  amount of a t i l l  
-acted mineral  or a / d t  CC (P0-P)2?3.  However, t h e  preecnce of the 
' d i l u t e  acid r e s i s t a n t  I mineral ,  which separa tes  t he  carbonate mineral  i n t o  
i so l a t ed  s i t e s  connected by channels,  would r e t a r d  t h e  r a t e  of carhonate 

n 
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removal so t h a t  dP/dt '.- (Fo-P)n where n,2/3. 
used t o  f i t  t h e  da ta  f o r  carnonate  removal can he derived from d F / d t  -(F-P0)2. 

T h e  empir ica l  Equation '1 

Atomic absorpt ion nieasuremcnts of t h e  magnesium re leased ,  a s  a r e s u l t  

Therefore  the r a t e  of cartjonate removal 
of carbonate  removal f r o m  shale, can a l s o  be f i t t e d  t o  t h c  cmpir ica l  
equat ion P = Po - k / K t ,  ( F i g .  3) .  
by d i l u t e d  acid i s  n o t  dependent on t h e  sur face  of contac t  elone (such a s  
a niothball sublimation model would predict :  but t h a t  other c o n t r o l l i n g  
f a c t o r s  could be involved ( d i f f u s i o n  was suggested a s  one such poss ib le  
f a c t o r ) .  Due t o  the  o jv ious  complexity of the c o n t r o l l i n e  f a c t o r s  t h a t  
may be  involved, we s h a l l  n o t  a t tempt  a t  present  t o  e l u c i d a t e  them. ?he 
cx is tencc  of in te rconnec t ing  channels was postulated frrm scannin,o e lec t ron  
ndcrogrnphs of bioleached s h a l e  st i r face ( 7 )  end i s  supported 1,y evidence 
from t h e  present  study. 'ihc increase  o f  poros i ty  I-y rcmovin:; rhe  car'cncte 
ii:ineral with d i l u t e  a c i d  570Uld, presumably, improve t h e  permeabi l i ty  of 
c e r t a i n  chemical s p e c i e s  i n t o  and o u t  of the remaining s h a l e  s t r u c t u r e .  
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